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(54) Packaging platform, optical module using the platform, and methods for producing the 
platform and the module 



(57) A packaging platform (11,21, 33, 61) for opti- 
cally coupling one or more optical waveguides of one or 
more optical components (15, 22, 31, 65) having the 
optical waveguide to one or more optical fibers is pro- 
vided with a reference structure portion (31 -10a, 31- 
10b, 33-10a, 33-10b, 33-6, 60-10a, 80-10c, 80-10d) for 
the horizontal and vertical positioning of the optical 



component (15. 22, 31 , 65) and one or more fiber posi- 
tioning portions (33-1) for inserting and holding the opti- 
cal fiber and positioning the optical fiber at a position 
where the optical fiber is optically connected to the opti- 
cal waveguide; whereby the packaging platform (11,21, 
33, 61) and an optical module using the platform are 
provided which can simplify all alignment steps for opti- 
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cal coupling, electrical connection and sealing in the coupling of the optical component and the optical fiber. 
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Description 

Tine present Invention relates to a packaging platform capable of accurately and easily connecting one or more opti- 
cal fibers to one or more optical components having functions, such as optical detection, optical signal branching, opti- 
5 cal multiplexing, optical switching and optical modulation; and an optical module comprising one or more optical 
components and such one or more packaging platforms. 

In an optical component using a planar optical waveguide circuit, connection between an optical waveguide and an 
optical fiber requires alignment precision of the order of microns. SInpllfying this connection is very Important In reduc- 
ing the manufacturing cost. An optical component which processes fast signals involves a fine electrical wiring, and thus 
10 requires a fan-out structure for electrical connection. An optical device generally needs sealing because of reliability. In 
an optical module having structures for a fiber pigtail and an electrical wiring, it is necessary to seal large capacity 
regions above these structures. This has caused problems about packaging capacity and sealing effect. 

Some structures of conventional optical modules are shown below. 

15 Conventional example 1 

"Self-aligned flip-chip assembly of photonic devices with electrical and optical connections", M. J. Wale, et al., IEEE 
Trans. Comp., Hybrids, Manufac. Technol., Vol. 13, No. 4 (1990) 

Fig. 1 is a conventional example of a packaging structure which gives optical connection between an optical 
20 waveguide and an optical fiber. This example realizes a structure in which an optical fiber 2 is fixed onto a V-shaped 
groove of an Si substrate 3 and connected to an optical waveguide la of an optical component 1 . The optical waveguide 

1 and the V-grooved substrate 3 are automatically aligned by the surface tension of solder bonds 3-31 . The optical fiber 

2 can thus be accurately positioned by a V-groove 3a. Since the positions of the optical fiber 2 and the optical 
waveguide 1 need to be determined accurately, however, packaging becomes laborious. According to this example. 

25 automatic alignment by the solder 3-31 is employed. To make the effect of surface tension during soldering work, opti- 
mization of the ref low conditions Is required. 

Conventional example 2 

30 "High impedance, high frequency crosstalk characteristics of a photodiode array and subcarriers", Kondo et al., 
1994 Spring Conference of the Institute of Electronics. Information and Communications Engineers of Japan, ref. C-297 
Fig. 2 shows a conventional example of packaging an optical component having an electrode. An active optical 
component is frequently used in high speed optical transmission. Thus, electrical wirings, etc. should be integrated. To 
package such a component as a module, a lead for taking out the electrode for connection to the outside should be 

35 formed. According to this example, an arrayed 4-channel optical device (photodiode) 1 -3 is mounted on an optical com- 
ponent 1 . From there, electrodes 1 -4 for bonding are extended, and then bonding wires 101, chip resistors 1 02, and the 
bonding wires 101 are further provided, followed by lead wires 3-30 of a package (packaging platform) 3. As noted from 
this, packaging of an optical component with integrated parts requires an electrode withdrawal structure and wire bond- 
ing. 

40 

Conventional example 3 

"A study of automatic assembly of a non-adjustment packaging module", Nakagawa G. et al.. 1995 Electronics 
Society Conference lecture papers of the Institute of Electronics, Information and Communications Engineers of Japan, 
45 ref. C-187 

Fig. 3 shows a conventional example of a hermetically sealed optical module. An optical device (laser diode) 1-3 
forms an optical component 1 attached onto an Si substrate. On a package 3 as a packaging platform, there are 
mounted an electric cable 3-40 for electric signal transmission and an optical fiber 2. The optical fiber 2 is fixed onto the 
Si substrate by a cover 5. After these steps, a sealing cover 3-50 Is hermetically applied such that the entire optical corn- 
so ponent 1 is sealed up, thereby providing a structure for a completely hermetic state. Such hermetic sealing requires a 
special container, making a packaging volume large. In addition, the use of the electric cable for electric signal trans- 
mission tends to lengthen the transmission distance. The resulting structure makes it difficult to accommodate a high 
frequency because of electric characteristics. As long as such a sealing form is taken, the more complicated the elec- 
trical wirings become, the larger the packaging volume and the worse the deterioration of signals will be. 
55 As seen in the above conventional examples, packaging of an optical component required the optical axis align- 
ment of the optical waveguide and the optical fiber, and the structure for taking out an electrode from a fine electrode. 
Moreover, strict sealing was required, thereby imposing a severe burden on packaging. 

In an optical module using a planar optical waveguide circuit, as described above, connection between the optical 
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5 package! on an opticrwaSfsute^^^^^ opfcalmodule having an optical semiconductor device 

the atove-mentioned oprcafSber c^n^^^^^^^^^ ^ at ifwifX^^^^^^ ^'L^^'*'""^ °* 

the optical waveguide circuit to InXr 2rt s^h « ^^^^^^^ '! "!!.^^ '° "^"""^ ^'""9 P°rt*°n o* 

of an optical signal, in paS ar a S S^^^ ^^"^"^ ^ '^^^ ^'9"^' °' 1*^^ characteristics 

to eliminate the routing StS e ertrical S L L ! ? " '^""^ °* "P*''^^' ^^^^8 are also needs 

""ram h f "-^^^^^^^^^^ ^^^^ °' 

devi:ranTn:edr; .rp^^^^^^^^^ ::r °' —--^^^^^^^^^^^^^^ — or 

an increased volume of the oSSf mtJuS 1 J ^ '^^"S^' P^^'e^s such as 

Wiring length associ^Sf 2th t t"2sS ^^lumf °" ^'^"^'^ *° ^" '"^^^^^^ 

s.eps'^^ch aTaTe^eS l^^SX" a^arrre: aT^.r ^^^^"'^^ ^'^^ ^^^^'^^^ -"^^ 
alignment has been required. ^ ^ ^" connecting step. Also, precise 

ing erctrSaTco^ire^rr:.; s^ng ail^^^^^^^^ ^ P^^9lng steps inc.ud- 

0 or more optical fibers and can im^LrZdfmiS'r connect.on ,n connecting one or more optical components to one 

aging plaLms. and Jhrds;";^^^^^^^^^^ 

or mLre°XlTaviTrof*I:C^^^^ co'rJ^ntlr '^'''l''''' ^^^'^'^^ °P«-' ~"P""9 ^^^^ween one 

packaging'platform tnSg a rSnce 3ure oorT^^^^^^ ""^ °^ ""'^ "P*''^^' ''^^-^ 

optical component and a fiber SSnatoSr^^^^^ ! performing ,he horizontal and vertical positioning of the 

fiber at a f ion w.ere;;tSir ^0^^;'^^^^^^^^^^^ trL^lrw^Se"^ ' 

an J^ct'rSr g"^^^^^^^^^^^ t^^e optica, co^onent has an electrode pattern. 

opti.1 componen?:,en the o^«ca?cX1e^^?srt^™^^ °' ele.rode pattern of .e 

conJlX^irdTesX'o^^^^^^^^^^ '° ''^^ °P«- ^^guide of the optical 

ponent is positioned rLtive to the optTca^ f toer ^ *° ^""'^^ 

may be in su* , s«pe as B SMtoma atiS^aSli^ ' ^'"""*"S=*'*'P°'"»'°'«''«P«»alcompon.n, 

In the packaging platform, a polymer optical waveguide circuit may be packaq^ 0^ ofatform 
s^ionr^cSrS^^^^^ 

maximum value to its minimum value s n^m^rtian 15 tTA?^^ ''^'^P''^- °^ °' 

a thermosetting resin and may contafn L .Romanic fH.pr t 1 ^ ^^^-^P^^'^O" "^^V consist essentially of 

filler may be a silica powder ^ thermosetting resin may be an epoxy resin. The inorganic 

f iNer.^'-^eTn^Tgtlte^^ °' ^" P°'^- and may contain an inorganic 

The amorphoi polymer PoS^^^^^^^^^^ of these. 

The packaging platform may be formed of a ceramic material ^ '"'^"^^ °' 

tranJer'm'oS'"' '^^"""^ " ^'^'^ faction molding or 
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Another packaging platform of the present invention may comprise a packaging platform for achieving optical cou- 
pling between one or more optical fibers and one or more optical waveguides of one or more optical components having 
the optical waveguide and/or an optical receiving device and/or an optical emitting device and an electrical circuit for 
controlling the optical device; the packaging platform including a reference structure portion for performing the horizon- 
5 tal and vertical positioning of the optical, component, and a fiber positioning portion for inserting and holding the optical 
fiber and positioning the optical fiber at a position where the optical fiber is optically connected to the optical waveguide. 

The optical module of the present invention may comprise an optical component and an optical fiber packaged on 
the packaging platform of the foregoing configuration. The optical fiber of the optical module may have an optical con- 
nector mounted thereon. 

10 Another optical module of the present invention may comprise an optical component having an optical waveguide 
and an electrode pattern, and also having a height reference surface provided at a position apart by a predetermined 
height from a core portion on the surface of the optical waveguide, and a horizontal reference structure portion provided 
at a position apart by a predetermined distance from the core portion; and a packaging platform having a height refer- 
ence surface for determining the altitudinal position of the optical component on the platform and a horizontal reference 

75 structure portion for determining the horizontal position of the optical component on the platform, and also having a fiber 
positioning portion for inserting and holding an optical fiber and positioning the optical fiber at a position where the opti- 
cal fiber is optically connected to the optical waveguide of the optical component, and an electrical wiring pattern pro- 
vided at a position opposed to one or more electrode pad of the electrode pattern on the optical component; in which 
the horizontal reference structure portions of the optical component and the packaging platform may be aligned with 

20 each other, and the height reference surfaces of the optical component and the packaging platform may be brought into 
contact with each other, whereby the alignment and electrical connection of the electrode pattern and the electrical wir- 
ing pattern may be achieved, and the optical fiber inserted into the fiber positioning portion and the optical waveguide 
may be aligned simultaneously. 

In the optical module, the optical component may have an optical device to be optically connected to the optical 

25 waveguide of the optical component, and the packaging platform may be further provided with a depressed portion at 
a position opposed to the optical device when the optical component is positioned relative to the optical fiber. 

In the optical module, there may be a plurality of the optical components, and the packaging platform may be further 
provided with a reference structure portion for performing the horizontal and vertical positioning of the optical compo- 
nents relative to one another. The horizontal reference structure portion may be a wall surface prepared by etching a 

30 cladding portion of the optical waveguide of the optical component, or may be a rib-shaped protrusion formed in the 
optical component. This rib-shaped protrusion may be the optical waveguide shaped like a rib of the optical component. 
The height reference surface of the optical component may be an exposed substrate surface formed when the cladding 
portion of the optical waveguide of the optical component has been removed to expose the substrate surface. 

In the optical module, the horizontal reference structure portion of the optical component may be a pair of engage- 

35 ment surfaces formed obliquely in the cladding portion of the optical waveguide of the optical component in the longitu- 
dinal direction of the optical waveguide, while the horizontal reference structure portion of the packaging platform may 
be a pair of engagement surfaces to come into contact with the pair of engagement surfaces of the optical component. 
The pair of engagement surfaces of the optica! component may be placed at linearly symmetric positions with respect 
to an axis parallel to the optical axis of exit light from the optical waveguide. 

40 In the optical module, an insulating sealing resin may be filled into a gap between the optical component and the 
packaging platform. By adjusting the size of the gap between the optical component and the packaging platform, pen- 
etration of the resin into a specific portion may be inhibited. 

In the optical module having the depressed portion, sealing of the optical device may be achieved by filling an insu- 
lating and transparent resin into the depressed portion. 

45 In the optical module, the packaging substrate may be composed of a synthetic resin composition, the mold shrink- 
age coefficient of the synthetic resin composition may be not more than 1%, and the shrinkage coefficient may be iso- 
tropic or the ratio of its maximum value to its minimum value may be not more than 1 .5. The synthetic resin composition 
may consist essentially of a thermosetting resin and may contain an inorganic filler The thermosetting resin may bean 
epoxy resin. The inorganic filler may be a silica powder. 

50 In the optical module, the synthetic resin composition may consist essentially of an amorphous polymer and may 

contain an inorganic filler The inorganic filler may be an inorganic crystalline powder, or an inorganic glass powder or 
a mixture of these. The amorphous polymer may be polyethersulfone. potysulfone. polyetherimide, or a mixture of 
these. 

In the optical module, the packaging platform may be formed of a ceramic material. 
55 In the optical module, the fiber positioning portion may be V-shaped or cylindrical in cross section. 

In the optical module, an insertion/removal structure for making the optical fiber insertible and removable may be 
formed in the fiber positioning portion. 

A method for production of an optical module of the above-described configuration comprises packaging the optical 
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eSiert/chfotogr ' °' ^" --^-^^ -rth an optica, f a,er acconiing to an 

t^an'ilS'noirgy;'" ' ^"^^"^ °' ^ ^'^'^^^'^ - °Pt-l component acco«^ing 

nSogy" " ""^"^"^ ^ ^'"^''"^"^ °P«<=«' according to an earlier tech- 

a^i^^TJr'c^n^^r^^^^^^ ^^^^ ^-een an optica, waveguide and 

F.g. 5 is a perspedlve view showing a first embodiment of the present invention- 
Fig. 6 IS a perspective view showing a second embodiment of the present invention- 

FiQ I i's I nlZnt^'^^ "'^"^ ^1!°*'"^ ^ o» the present invention; " 

Fig. 8 IS a perspective view showing a fifth embodiment of the present invention- 

is cured ^ °™ ^ """"^ Is omerwlse performed unig the soMer 



»-igs. 27A and 27B are graphs showina the mpa<;iirpmonte /^4 . M»e5»eni mveniion. 

the twemh embodiment of the preseSentbn dimensional error of the packaging platform as 

Fig. 28A is a perspective view of a packaging platform as a thirteenth embodiment of the present invention; 
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Fig. 28B is a sectional view of the platform illustrated in Fig. 28A. 

Figs. 29A and 29B are graphs showing the measurements of the dimensional error of the packaging platform as 
the thirteenth embodiment of the present invention; 

Fig. 30A is a perspective view of a packaging platform as a fourteenth embodiment of the present invention; 

Fig. SOB is a perspective view of a conical shape in the platform illustrated In Fig. 30A. 

Fig. 31 is a perspective view of a packaging platform as a fifteenth embodiment of the present invention; 

Fig. 32 is a perspective view of a packaging platform as a seventeenth embodiment of the present invention using 

a ceramic as a material; and 

Fig. 33 is a sectional structural view of the essential part of the platform shown in Fig. 29. 

As described earlier, the present invention has aimed at attaining the aforementioned object. For this purpose, the 
invention has completed high accuracy alignment concerned with fiber connection, electrical connection and simplified 
sealing method, simply by installing an optical components on a packaging platform having a guide structure for simpli- 
fying positioning. 

As means for attainment, the invention discloses the structure of a packaging platform, and provides the constitu- 
tion of an optica! module using this packaging platform. The invention also provides methods for producing the packag- 
ing platform and the optical module. 

According to the packaging platform of the invention, an optical fiber positioning groove and an electrical wiring pat- 
tern are provided at certain distances from a horizontal reference structure portion and a vertical reference structure 
portion on the platform. On an optical component, horizontal and vertical reference structure portions corresponding to 
the reference structure portions on the packaging platform are provided, and an optical waveguide and an electrode 
pattern are provided at predetermined distances from these reference structure portions. Thus, an optical functional 
device is placed so as to bring the reference structure portions of the packaging platform into agreement with the refer- 
ence structure portions of the optical component. Simply by so doing, alignment with an optical fiber, and alignment 
between the electrode of the optical component and the electrical wiring on the packaging platform can be realized at 
the same time. 

The reference structure portion may have a planar, linear or punctate structure. That is, a reference surface, a ref- 
erence line or a reference point is used for positioning. The reference surface refers to a flat or curved surface. The ref- 
erence line refers to a ridgeline portion of a protuberant structure. The reference point means an apical portion of a 
protuberant structure. In addition to them, the reference line and the reference point may be marks printed in a linear 
and a punctate form, respectively. The mark is suitable in performing positioning by optical reading. The punctate refer- 
ence structure portion may be a perforation. The reference line also includes a case in which positioning is carried out 
by a virtual surface formed by a row of ridgelines of a V-shape or corrugated form. The reference point also includes a • 
case in which positioning is carried out along a virtual surface formed by an arrangement of pyramidal or conical apices. 

The horizontal reference structure portion of the optical component may be formed of a pair of engagement sur- 
faces which are obliquely processed parts of the optical waveguide cladding portion. The horizontal reference structure 
portion of the packaging platform may be a pair of engagement surfaces corresponding to the engagement surfaces 
which make up the horizontal reference structure portion of the optical component. The two oblique engagement sur- 
faces of the optical component may be disposed at linearly symmetrical positions with respect to an axis parallel to the 
optical axis of light leaving the optical waveguide. 

Because of the foregoing constitution, coaxial state between the optical axes of the optical waveguide and the opti- 
cal fiber can be achieved accurately by contacting the horizontal reference structure portion (engagement surfaces) of 
the packaging platform and the horizontal reference structure portion (engagement surfaces) of the optical component 
with each other, even if the dimensions of both horizontal reference structure portions deviate slightly from the design 
values. The reason will be detailed in Fig. 4. 

In Fig. 4. the shaded area corresponds to the reference structure portion of an optical component (or a packaging 
platform). First, consider a triangle DEF and a triangle ABC formed by extending the edges of the optical component a 
and the packaging platform p. respectively. At this time, the triangles DEF and ABC are designed as similar triangles by 
setting the angles e and ^ of both triangles to be the same. When the apex D is headed toward the apex A. the side AB 
agrees with the side DE. and the side CA agrees with the side FD. automatically. That is. the reference portions of a 
and p come into agreement. Since the triangles ABC and DEF are similar to each other, the straight lines I and 1' illus- 
trated in the drawings also agree. Thus, one will see that if the optical waveguide on p is to be coupled to an optical fiber 
placed at a position apart from I by d, it suffices to place the optical waveguide on p at a site apart from V by d. Hence, 
even when there are a plurality of alignment sites, it is clear that mere alignment of distances relative to the reference 
line is enough. 

Next, consider a case in which the reference of either the optical component a or the packaging platform p uni- 
formly falls behind the design value for the convenience of the fabrication procedure. Fig. 4B shows the edges of the 
packaging platform p receding by the distance w. The triangle ABC corresponds to a new triangle AB'C. Since the 
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.m^Sp' fl' I'T^^'- "^^^ ••^e of being similar to the triangle DEF Thus 

or the like), and certain mechanical strenoth Th..e «,! ®"^"°"'^®"yesistance (resistance to temperature, humidity 

Ha^-^^ir; *sr.^,S^-r — ^^^^ 

related to molding isotropic. However the usrof a res^rr^ll f "^^"^^ °* ^^^^'"^^ properties 

A further concrete constitution of the synthetic resin composition mav be restricted in iha» 
essentially of a thermosetting resin and containing an inorganic filler SnSes of thfthp^ ".""^'"^ 
stitution are phenolic resin, unsaturated polyester resin eSoxy reS dia^lT^WhiiSf ^^^'^ 

curing agent is 1:1. A publicly known material such as an imiH=,L7l ® hydroxyl groups in the 

or a phenolic novolak salt may beTsS 1^ ^e cSna compound, a urea derivative, 

at a temperature o, about 1 0oVaTw^i:: i^ec^ ^ Zg^co^^^^^^^^^^ '^^^^'^ °' '"^''^^^^ ^^^'^y 
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The amount of silica powder added as the inorganic filler should desirably be not less than 30% by weight 

Arriorphous polymers are also preferred as the synthetic resin composition. Desirable examples of such polymers 

=tn.r^ T ??f : PO'yetherimide, and mixtures of these. As the polyetherlmide. polyetherimides of the 

fnno. oMH T i""""^' ^""""'^^ ^"^ '° "^ed. As the polyethersultone. polyethersul- 

fones of the structures indicated in chemical formulae 4- 1 to 4-5 shown below can be used 
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The optical connector mounted on the optical fiber constituting the optical module is an ooticai fiber-oackanpri 

ic H-o^,!?°i^'"^i° ^^"^"9 the depressed portion, the optical device placed on the optical comDonent 

s disposed ,n the depressed portion provided in the packaging platform^simply by putting togiher thTrefer3stmc 
ture portron of the packaging platform and the reference structure portion of the optical co^onert Th^ ^^^^ 
sealing cover being capped on the optical device can be realized substantially. That is. a singSle sS'in aSiie 
all of fiber connection, electrical connection, and sealing. ^ ^ achieve 

reference structure portion of the optical component may be formed of two oblique enaaaement sur- 

X"S;The%\?kZ?Sm ma^b ^ "^^^"'^^ ''''''''' ^°ri-treferrnr^^^^^^ 

t^e^"lcl com™^^^^^^ K, ^ ''"^ engagement surfaces corresponding to the engagement surfaces of 
the opt cal component. TTie two oblique engagement surfaces of the optical component may be disposed at linearlv 
symm^ncal posrtions with respect to an axis parallel to the optical axis of light leaving the opticatw^SguWe ' 
The gap between the optical component and the packaging platform excluding the depressed portion may be filled 
withan .nsulating sealing resin. By so doing, the depressed portion can show the function of hVrH^i seaSg S 

TTl^r Z t"^ ^ "^^'"^ "^^''^ ^"''^^^ '"""9 ^" i"S"l«ti"9 and transparent oropaqurreSimo 

the depressed portion. This measure enhances the sealing effect m e i or opaque resin into 

nr.r!^''°''^'"^ """^"'^ corresponding to a plurality of optical components, optical connection between the 

optical waveguides present in the plurality of optical components can be achieved simply 

In the optical module of this structure as well, the horizontal reference structure portion of the optical comoonent 
may be formed of two oblique engagement surfaces which are obliquely processed parts of the optt:XaveS dad 
^c^nn"- ^«'«r«"^« portion of the packaging platform may be obliqueS^gTr^ent^^^^^^^^^^^ 

corresponding to the engagement surfaces of the optical component. The two oblique engagement surSrJf the oi 

iTeTng troSil "^"^ ^~ -"'^^ ^ 

insulatSling"reSr''' ^'^ P'««orm may be filled with an 

restrSL'^S inL^nS TnlvTl ""f "'''^'^ °' ^P^'^^' "module of the invention is not 

restricted. For instance, a publicly known sealing material for various electronic circuits may be used 

The optical connector mounted on the optical fiber constituting an optical module of claim 28 of the invention is an 
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optical fiber-packaged device, such as MT, MU, MPO or SC. which has at the terminal portion of the optical fiber a struc- 
ture capable of optical coupling to a packaging platform. 

According to an optical module of claim 29 of the invention having the depressed portion, the optical device placed 
on the optical component is disposed in the depressed portion provided in the packaging platform, simply by putting 

5 together the reference structure portion of the packaging platform and the reference structure portion of the optical 
component. Thus, a state of a sealing cover being capped on the optical device can be realized substantially. That is. a 
single simple step can achieve all of fiber connection, electrical connection, and sealing. 

The horizontal reference structure portion of the optical component may be formed of two oblique engagement sur- 
faces which are obliquely processed parts of the optical waveguide cladding portion. The horizontal reference structure 

10 portion of the packaging platform may be oblique engagement surfaces corresponding to the engagement surfaces of 
the optical component. The two oblique engagement surfaces of the optical component may be disposed at linearly 
symmetrical positions with respect to an axis parallel to the optical axis of light leaving the optical waveguide. 

The gap between the optical component and the packaging platform excluding the depressed portion may be filled 
with an insulating sealing resin. By so doing, the depressed portion can show the function of hermetically sealing the 

15 optical device. Sealing of the optical device may be achieved by filling an insulating and transparent or opaque resin into 
the depressed portion. This measure enhances the sealing effect. 

According to an optical module of claim 30 of the invention, optical connection between the optical waveguides 
present in the plurality of optical components can be achieved simply. 

In the optical module of this structure as well, the horizontal reference structure portion of the optical component 

20 may be formed of two oblique engagement surfaces which are obliquely processed parts of the optical waveguide clad- 
ding portion. The horizontal reference structure portion of the packaging platform may be oblique engagement surfaces 
corresponding to the engagement surfaces of the optical component. The two oblique engagement surfaces of the opti- 
cal component may be disposed at linearly symmetrical positions with respect to an axis parallel to the optical axis of 
light leaving the optical waveguide. 

25 If sealing is necessary, the gap between the optical component and the packaging platform may be filled with an 

insulating sealing resin. 

The resin for used in the resin mold used in the method of producing the optical module of claim 52 of the invention 
is not restricted. For instance, a publicly known sealing material or resin for mold packaging for various electronic cir- 
cuits may be used. 

30 The present invention will be described with reference to Embodiments. However, they are nothing but preferred 
embodiments for illustrating the invention, and do not restrict the invention. 

[Embodiment 1] 

35 The first embodiment of the invention is shown in Fig. 5. In Fig. 5. a packaging platform 1 1 was an injection molded 
article, which was composed of a concave structure (reference structure portion) 12 for inserting, positioning and fixing 
an optical component, V-groove portions 13. 13' (fiber positioning portions) capable of holding in an arrayed optical fib- 
ers for input and output of light into and from the optical component, and connecting the optical fibers to the optical com- 
ponent, and concave portions 14. 14' for accommodating and fixing the coating of the optical fiber ribbon enclosing a 

40 multiplicity of optical fibers. 

Tables 1 and 2 show the specifications for the mold and the injection molding conditions. The resin used in molding 
was silica-containing epoxy resin. This epoxy resin was composed of 100 parts by weight of phenolic novolak type 
epoxy resin, 45 parts by weight of phenolic novolak resin. 15 parts by weight of a curing promoter, and 700 parts by 
weight of silica powder. The V-groove portions 13, 13' had a width of 140.3 lam, a groove depth of 121.5 jim. a groove 

45 angle of 60 degrees, and a groove interval of 250 ^m. The dimensional accuracy of the mold was ±0.1 \im. Optical and 
mechanical measurements showed that the desired shape could be made with an accuracy of ±1 ^.m. The mold shrink- 
age was within 0.1%. A publicly known materia! such as an imidazole, an organophosphine compound, a urea deriva- 
tive, or a phenolic novolak salt may be used as the curing promoter. Desirably, it is a material capable of improving 
stability at a temperature of about 100°C at which injection molding becomes possible. 

50 



Table 1 



Mold specifications 


Item 


Specification 


Number of moldings 


One 


Method of temperature control 


Heating with heater 
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Item 



Type of gate 



Table 1 (continued) 



Mold specifications 

Specif ball on 



Runner 
Number of plates 



Side gate 



Cold runner 
Two 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



Table 2 
Injection molding conditions 



55 



Item 
Molding material 
Resin drying 
Molding machine 



Cylinder temp. 



Mold temp. 
Injection time 
Curing time 
Screw speed 
Screw back pressure 



Conditions 

Thermosetting epoxy resin 

30*^C. 2 days 

Thermosetting injection molding machine 

Clamping force: 35 tons 

Screw diameter: 25 mm 

Nozzle portion: 40°C 

Intermediate portion: 50**C 

Rear portion: 90°C 
170°C 
20 sec 
20 sec 
80 rpm 
7 kg/cm^ 



Injection pressure I 250 kg/cm^ 

acc J^cVw;thinT5^m''T^^^^^^^^ t^'"" '"""^ '^^ in terms of height with an 

th! u ^T' ■ ^ 2 was produced with a dimensional accuracy of +1 urn tooether 

T,^^ V-sroove portions 13, 13'. The size of the mold was designed in complete agreemert Sthe di^nsSo^ 
the light input and output portions of an optical component to be inserted into 12 dimensions of 

A packaging procedure using the packaging platform 1 1 will be described concretely herein Four-fiber ootical f ib^r 

bond'^'wiSSve""''"'^^ '""'^'^ "'"^^^^ •-«='<-9-9 platform 1 1 and 

grooIeTorrJ 13! or'S™ ^^^^ '^^^"^ °' '^^"'"^ -^^"^ V- 

from'abovJ^Tfli^^^^^^^ 1 were pressed against the V-groove portions 13, 13^ by covers 17. 17' 

embSimTnf SI cov?^^^^ f " fliass quartz or metal, but covers molded from resin were used in this 

re^SS^ 1 9 Iq form Jh iJnZ n„ °f ^ 8. 1 8' on both side wails thereof, which were to be fitted into tiny 

"ouSb?plfsit?onS "a^,; °' ''^'^^^'"^ "^'^"^^ ' ^'^-^ "^^^ns 16. is' 

The covers 1 7. 1 7' also had four tiny protuberances 20 in a direction along optical fibers in order to ensure the posi- 
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tioning of the optical fibers. Thus, the optical fibers could be fixed easily. 

Without such tiny protuberances 20. fundamental performance would not be impaired, because the V-groove por- 
tions 13, 13' were prepared accurately 

The optical fiber ribbons 16. 16' can be fixed only by the fitting of the covers 17. 17'. To ensure reliability, however, 
a thermosetting adhesive was used in this embodiment for reliable fixation. 

The heat curing conditions were 90°C for 2 hours (primary curing) and UO^C for 3 hours (secondary curing). 

The fixation of the optical fiber ribbons 16. 16' can be performed using ultraviolet curing resin by preparing the cov- 
ers 17,17' made from transparent resin. 

This use of the packaging platform 1 1 enabled optical fiber ribbons to be connected together rapidly correctly and 

reliably. 

The so produced optical module had a connection loss of 5.1 dB on the average, and involved no alignment proce- 
dure. Thus, a marked decrease in the operating time was possible. 

After fixing of the optical fibers, the entire packaging platform was sealed with resin, and the sealed product was 
examined for connection reliability by high temperature high humidity test (70''C. 90%). Even after passage of 2,000 
hours, changes in connection characteristics were within 10%, confirming full reliability Packaging of the entire pack- 
aging platform with a resin mold instead of a resin seal also demonstrated the same reliability 

[Embodiment 2] 

The second embodiment of the invention is shown in Fig. 6. In this embodiment, the tiny protrusions 18. 18' were 
omitted in the covers 17. 1 7* of Embodiment 1 , and optical fiber ribbons 16. 16' were pressed with metallic spring piece 
parts 50. 50*. In this embodiment, exactly the same results as in Embodiment 1 were obtained for connection loss char- 
aaef isiics and reliability. 

T^v^t fi. no tiny protrusions were provided on both side walls of the covers 17. 17*. and the metallic spring piece 
parts 50. 50' were provided for interposing the optical fiber ribbons 16. 16' between the packaging platform 1 1 and the 
covers 1 7 1 7 On the inner surface of each of the metallic spring piece parts 50, 50'. a spring mechanism was provided 
to fa the optical fiber ribbons 16. 16' between the packaging platform 11 and the covers 17. 17' by its elastic spring 
force 

Other stiucture was the same as in the aforementioned Embodiment 1. When o-cresol novolak resin was used 
ifYstead o1 phenolic novolak resin as the starting material, the same results were also obtained. 

[Embodiment 3] 

This embodiment corresponded to Embodiment 1 in which a silica optical waveguide circuit was used as the optical 
component. The same connection loss characteristics and reliability of the packaging platform as in Embodiments 1 
and 2 were confirmed. When o-cresol novolak resin was used instead of phenolic novolak resin as the starting material, 
the same results were also obtained. 

[Embodiment 4] 

Fig. 7 shows the fourth emt)Odiment of the invention. This embodiment involved only one input/output end of an 
optical component. 

In Fig. 7, a packaging platform 61 , as in Embodiment 1 , was composed of a concave structure 62 for inserting, posi- 
tioning and fixing an optical component, a V-gioove portion 63 capable of holding and connecting optical fibers in an 
array, and a concave portion 64 for accommodating and fixing the coating of an optical fiber ribbon 16 enclosing a mul- 
tiplicity of optical fibers. However, the V-groove portion 63 and the concave portion 64 for fixing the optical fibers are 
formed only at one end. The materials used were the same as in Embodiments 1. 2 and 3. 

The method of fabricating the packaging platform and its dimensional accuracy were exactly the same as in 
Embodiment 1. An optical component 65 was a hybrid optical component comprising semiconductor lasers (LD's), 
semiconductor laser output monitoring photodiodes (PD's), and signal detecting photodiodes placed in combination on 
a silica optical waveguide circuit The optical input/output end of this product was only one. 

The packaging procedure was the same as in Embodiment 1, and the same connection loss characteristics and 
reliability of the packaging platform were confirmed. 

According to the packaging platform, it was confirmed that even a simple combination of a semiconductor laser and 
a photodiode without the optical waveguide circuit used in this embodiment, namely, a transceiver or an individual opti- 
cal component module, could be converted into a module, easily and in a short time, when connected to optical fibers 
and sealed. 
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[Embodiment 5] 



rnrZlL ^ embodiment of the invention. A module of this embodiment is characterised that an optical 

nn^Z is compnsed by forming a semiconductor lasar arry 65a and electrodes 65b on a Si substrate. The other 
constiUrtion are frie same as Embodiment 4. as well as materials used in the embodiment and a method for pro^using 
the module are the same as Embodiment 4. proausing 



[Embodiment 6] 



Figs. 9 and 10 show an optical module related to the sixth en*odiment of the invention 

This errtodiment. as illustrated in Fig. 9. comprised an injection molded packaging platform 21. and an optical 
component 22 inserted into and fixed by adhesive to the packaging platform 21 i . ana an optical 

J^^ packaging platform 21 , as shown in Fig. 1 o. was composed of a concave structure (reference structure portion) 

StS.T ^""^ f^""""" P°^°"^) 24. 24- capable of holding and conneS 

optical fibers in an array, concave portions 25. 25- for accommodating and fixing the coating of optical fiber ritoons 

■n. IT' ' HK °' "'"^ave structure 23 for acSmmSat 

ing excess aanestve. 

The specifications for a mold and the injection molding conditions for fabricating the packaging platform 21 were 
exa^y the same as in the aforementioned Tables 1 and 2. The resin used in molding was ^lica-containinnSi^ resTn 

The dirnensions of the grooves 26. 26-. 26" provided in the concave structure 23 for accommodating excess adhe- 
sive were 200 ,im in width and 300 urn in depth from the concave structure 23 moaaiing excess adhe 

«n hII!^ ^'^^''^ ^ °* ^'^■^ ^ 9"'^^ 9^°°^« 'leP* ^21.5 ^m. a guide groove angle of 

Z Z !^- K ^ 9"'Jf °' 250 Mm. The dimensional accuracy of the mold was set at i). 1 'm ?hus 

the desired shape could be made with an accuracy of ±1 jjm 

?4- I'^'rn, ,;;!,'=°"'=f;«^^*^"ct"^« 23 was prepared with a dimensional accuracy of 1 pm, like the V-groove portions 24 

n^nt 22 to h^^^nc^^^^^^ ." agreement with the dimensions of the light input and output portions of the optLl compo^ 
nent 22 to be inserted into the concave structure 23. k ■ i^w 

ceduTe^ '^'^"^"^ *° embodiment was prepared by the following packaging pro- 

First, the optical component 22 was placed on the packaging platform 21 shown in Fig 9 
The optical component 22 was a polymer optical waveguide including a 4 x 4 optical star coupler 
This polymer optical waveguide was in a film form, and prepared in accordance with a method of forming a polymer 
t^^ f « "'^^ a cladding on a substrate having copper as a top layer, and tSen dS 
this composite in an aqueous solution of hydrochloric acid to strip the polymer optical waveguide ci?cu t portion frSe 
substrate (Japanese Patent Application No. 127414/95). uc un^uii poruon irom me 

The core material was prepared from deuterated PMMA. and the cladding was produced from UV curable epoxy 



resin. 



.m. 21 trenlreSe^wSTs^'um '""^ ''^"^'^ ^"'^^ °' '^'^^^'"^ *° 

tocorav^rirfsoHh?^'^^^^^^^^ 

rrrJ!^1' ''""1^ ^'^^'^^^^ '"^^^'^ the groove 26'. and the polymer waveguide 22 was lightly 

pressed from above wrth a metal piece 1 mm smaller in width and length than the polymer waveguide 22 to bMnq "e 
polymer waveguide 22 and the concave structure 23 of the packaging platform 21 intoLimate contact ' 

grooJrp<rrt!on? ^"''^^ ^"^^^^'^^ """"^ '^"^ ^^^^^ ♦° end faces of the V- 

Then. ultraviolet radiation was applied for 5 minutes to complete a polymer optical component of the instant embod- 



iment. 



f Iber'iibon ^Z^lf n.^"^^'' ^°'^P°"^"* be connected, with desired characteristics, to a four-fiber optical 

ml^s ''^^ '^^'^ P'"*""""^ '^'"y- ■'^""^ ♦^^^ ""^'^ by tiie following 

V-grooS';,^ISf24!t4- '''^^ ''''' """^'""^ °' ""^'""^ ^* ''^ "^^^ ^"^^^^ held in the 

the pair of optical fiber ribbons were pressed against the V-groove portions 24, 24' by press covers of olass 

f ibe" rtbTns to ^ 'Z^i'"'? ^"^^^'^^ 24, 24' to adJere L He S 

Ihereoa '^^^^'"^ component of the instant embodiment having the polymer waveguide mounted 

On this occasion, the cores of the polymer waveguides and the cores of the fiber ribbon completely agreed without 
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a special alignment procedure. Connection loss was evaluated using a laser light source having a wavelength of 0.85 
and a photodiode. The connection loss was about 0.5 dB. thus permitting easy connection with low connection loss 



fibers. 



[Embodiment 7] 



Fig 1 1 shows a polymer optical component related to the seventh embodiment of the invention. 
The polymer optical component of this embodiment comprised an injection molded packaging platform 27. arid a 
polymer waveguide 28 inserted into the packaging platform 27 and having two sets of Y-branching waveguides fixed by 

adhesive to the packaging platform 27. ^«^^.;k^ in 

The packaging platform 27 was the same as shown in Fig. 10 and prepared by the same method as described in 

^'^^Thepo^m^^^ optical component relevant to the instant embodiment was produced by the following packaging pro- 
cedure: _J w I • I ♦ 

First, the polymer waveguide 28 having the two sets of Y-branching waveguides was placed on the packaging plat- 

This polymer optical waveguide was in a film form, and prepared in accordance with a method of forming a polymer 
optical waveguide circuit comprising a core and a cladding on a substrate having copper as a top layer, and then dipping 
this composite in an aqueous solution of hydrochloric acid to strip the polymer optical waveguide circuit portion from the 
substrate (Japanese Patent Application No. 127414/95). 

The core material was prepared from deuterated PMMA. and the cladding was produced from UV curable epoxy 



resin 



The core size was 40 nm square, the distance from the bottom surface of the cladding to the core center was 75 
um, and the entire thickness was 150 Mm. , ... ■ „^ 

The polymer optical waveguide was cut to a size of -5 ,im ± 3 ,im widthwise. and -10 pm ± 5 jim lengthwise, com- 
pared with concave structure of the packaging platform. 

Then a UV curing adhesive was Inserted through a groove 29. and the polymer waveguide 28 was lightly pressed 
from aboOe with a metal piece 1 mm smaller in width and length than the polymer waveguide 28 to bring the polymer 
waveguide and the concave structure of the packaging platform 27 into intimate contact. 

At this time, the excess adhesive flowed into grooves 29. 29", and did not escape to the end faces of the V-groove 

Then, ultraviolet radiation was applied for 5 minutes to complete a polymer optical component of the Instant embod- 

""^ The so prepared polymer optical component can be connected, with desired characteristics, to a four-fiber optical 
fiber ribbon, and an optical packaged product can be produced easily These facts were confirmed by the following 

""^^ On the input side, the two optical fibers at the center of the four fibers of a four-fiber optical fiber ribbon were con- 
nected to the cores of the polymer waveguide on the input side of the two branches. On the output side, the four optical 
fibers of another four-fiber optical fiber ribbon were connected to the four cores of the polymer waveguide located on 

the output side. ^ ^ 

In other words, a pair of the optical fiber ribbons were deprived of the coatings provided at the end. and were 

arranged and held In the V-groove portions. 

Then the pair of optical fiber ribbons were pressed against the V-groove portions by press covers of glass from 
above An ultraviolet curing adhesive was flowed into the V-groove portions to adhere and fix the optical fiber ribbons 
to the optical packaging component of the instant embodiment having the polymer waveguide mounted thereon. 

On this occasion, the cores of the branching waveguides of the polymer waveguide and the cores of the fiber rib- 
bons nearly agreed without a special alignment procedure. Connection loss was evaluated using a laser light source 
having a wavelength of 0.85 ^m and a photodiode. The connection loss was about 0.5 dB. thus permitting easy con- 
nection with low connection loss fibers. , h u. u ^ 

The two waveguides of the Y-branching devices were also confirmed to contain input light in a nearly 1 :1 branched 

state 

The above two embodiments gave examples of a polymer optical waveguide as a branching waveguide or a star 
coupler for branching and merging light regardless of its wavelength. Clearly, however, an optical waveguide circuit hav- 
ing a demultiplexing function and a multiplexing function may be mounted, such as a Mach-Zehnder interferometer or 
an arrayed waveguide grating which has strongly wavelength-dependent branching/merging characteristics. 
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[Embodiment 8] 



injection molding. All the Simenslonaf aJSradi"fhin .1 uT " Embodiment 1. and molded by 

In the drawinnc tha 



.udir/.2;?3"^^^^ ™ ^S^'ur^^^ - Pos-ing .oove 33-, . a pro- 

height reference surface, while its oblique side surfacT ss Toh r^nS I ^"'^'^^ ^^"'"^ ^^^^d as a 

surface). The position and dimensions o^heftoer S^^^^ '''^'^'^ '"^^^ (engagement 

'0 to about 1 ^m relative to the height reference ^acTS^w^f^ll '^!? ^ Predetermined values accurate 
an optical fiber 32 is inserted intS the f ibeTpirtto^ng gfoove 33 i te '.T"""^ 

can be determined with an accuracy of about 1 um^elative to the ^L^T?" ^ """'^ °* °P*'=^' "''^ 32 
reference surface 33-i0b. i ^m relative to the height reference surface 33-l0a and the horizontal 

. ca. ^^"o:>f:":"7:.^^^ optical waveguide comprising an opti- 

stituled a straight waveguide, and a aser d.o^e ?i I wafrln ' embodiment, the optical waveguide 31-1 con- 

partially removing the cladding portoS2Tich n Jo mr^^ f °" T'"" """^'"^ '^^""^■"S P°'«°" '"^"'^ ^y 
an electricai wiring 31 -4 for drfving the laser dfodl 3 -? 4TpS 'dS" " ^Ld ^ "'f ?" "l" '"^'^ °' '""^ 
aging platform 33 was provided forward of the electrical wTi no if f '=°""«ct'0" ^ith the pack- 

• vKled tor escaping heat to the packaging p atorm 3rT^ n^- ! .^'"'"^ ^ '^^^ "5 was pro- 

10b .o me connecting pad of tl^s eieSnc'e'SgVattem ^^^^^^^^ "^r^"'^' 'l - 

The Cladding near the end of the optical waveguirsuStrat Lh k ''^'"^ ^'^'''^^^ *° ' 

^ «c.ng This Oblique engagement surface stto'b funSS L a hc^^^^^^^^^ f'"'^"^ — 

Pon«nt 31 while a bottom surface 31 -10a formed bv Itriw. i ^ horizontal reference surface for the optical com- 
' Pos*oo ^nci he.gh, from the height eferenTsfrf^L o^h.^ ^TT^ ^ ^"'"^^"^^ ^"'^^^e- '^^ ^°"-°ntal 
accuracy 01 aoout i ,.m relative to predetermined ^l?!^^^ r TT"^^ '^'^ ^^^^ determined with an 

3 1 .32 ,0 me hor^omal reference sSJwSaJodLer^^^^^^ relationship of the pad for the electrode pattern 

ma,n constrtuents on the packaging platf^m S and th3vT ^'^"'^''^ °* ' ^""^ d^^^^bed above, the 
e.ectnca. wiring pattern 3'-4. opL^Ja^de co"e ^tlTL^Z^^ZZ!^^^^^^^^ ^"^^ 
mined design values relative to the height and horizontal r J^Jn J determined accurately to have predeter- 

33 and the optical component 31 . f^orizontal reference surfaces provided in both of the packaging platform 

nf ml^^ '^T°? u* ^"9""^^"' "Sing the above constituents is shown in Ras 1 5 1 6 and 1 7 Fim • 
essed in an oblique tl an^^ob^^^^^^^^ 

respect to an axis parallel to the optical axis of S S?rom Z^oLv ". ^ t ^""^"^^ ""^^'^ symmetrically with 
ing Shows a case in which the linearl^^mmeWcTxis a^^^^^^ "'^"^^'^t simplification, the draw- 

required. If excessive etching was done the cteS L DolnJ^^^^^^ agreement is not necessarily 

Of the axis of the optical waveguide fror^ thl oS axis^^^^ "tf T""" "^"^"^ "=^^P^- 

Platform 33 was obliquely prS^essed in agreement w^^^^^^^^ 

characteristics as in the optical waveguide substrale ^' P''°'=«ssing gives the same geometrical 

csrr:'^T::°:^Z1;:^^^ 31-1 and the optical fiber core 32-1 was 

16. The height reference surfaces^ JfaTssVoa of tJ. 1^^^^ T^""" """^^'^ Re- 

pressed against each other, and the optiLf waveou?. t k ! T waveguide and the packaging platform 33 were 

horizontal reference surfaces conta:,S*;t,"X;a^^^^^^^^^ T ^"S"--'- When the 

31 -1 agreed with the center of the fiber pSntg gr^ve 33 ! At tht t 1 ' T'?' °' ^'^^ "^^^^''^^ 
positioning groove 33-1. whereby alignment oHTorizoni n^ 

waveguide 31-1 and the optical fiber core sS-l "^^^ automatically completed for the optical 

Alignment by the height reference surface<; ^i.ina i-a - •■■ . 
31-103 and 33-10a of the optical wavSufde afaiS ihtni^'' '^'!f "^^ ^^'S*^* '^^^^^'^^ surfaces 

Whereby the positional relationship foTheS v^as dSlrtn'e^tfr' ' f ""^^ '^^"^^^ ^^^'"st each other, 

fiber positioning groove 33-1 and t^he heigS of ^2 S-caT^a^auSe J h.' '''1°'^*"="' ^'^ 

optical waveguide core 31-1 from the height reference snlrl ic ' . ' !^ °" '"'^ ^^'^^o^ship. the distance of the 
from the height reference surface 31 10?the heSs o' t^^^^^^^ * - °' 

1 would agree. For an optical waveguidei^cS an ^if^ri^Hr^^^f^ and the optical waveguide core 31- 

14. opposed electrical pads are formedin tt X" wSdTaT^^^^^ embodiment shown in Figs. 12. 13 and 
withdrawing structure such as solder bumpT 33 sfard 33 30 I h . "^"^^'"^ ^" 

Dumps 33 31 and 33-30 is used. By so doing, electrical connection can be 
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obtained easily. Since the accuracy of alignment is about 1 ^im. moreover, packaging of this type easily becomes pos- 
sible even for an optical waveguide with a fine electrode pattern. 

In this embodiment, the fixing of the optical component onto the packaging platform by means of solder bumps is 
performed by applying an adhesive or solder with the reference surfaces being pressed against each other, and holding 
this state until the adhesive or solder becomes cured. The use of solder bumps is advantageous in that this holding step 
can be omitted. The reasons are illustrated in Fig. 18 A. 

Fig 18A Is a sectional view of the area of bonding of a packaging platform 33 with solder bumps 33-31 to an optica 
component 31 . The optical waveguide, optical fiber and optical device are not shown. In the embodiment, the horizonta 
reference surface Is a vertical wall running obliquely relative to the optical axis, but was indicated as a simple vertical 
wall for easy understanding. Alignment using the packaging platform 33 is performed by forcing the optical component 
31 toward the packaging platform 33 in a downward, rlghtward direction on the sheet face of the drawing, and pressing 
the reference surfaces 31-I0a and 33-l0a against each other, and the reference surfaces 31-lOb and 33-l0b against 

each other. ^ ^ l. ■ • i * 

The use of the solder bumps 33-31 is accompanied, beforehand, by forming an electrode pad of the packaging plat- 
form 33 rlghtward of an electrode pad of the optical component 31 . and adjusting the amount of the solder, so that the 
solder will pull the pad of the optical component 31 downward. When the solder is melted, the surface tension works, 
causing the optical component 31 to be automatically pressed In the downward, rlghtward direction on the sheet face 
of the drawing as shown in Figs. 18B and 1BC. When the solder is cooled in this state, the optical component 31 and 
the packaging platform 33 can be fixed to each other with the reference surfaces in contact, without holding the opticaJ 
component 31 by means of a packaging apparatus. When the solder bumps are used, the shape of the electrical pad 
or the solder bump may be inappropriate, or the surface of the solder bump may be oxidized and resistant to surface 
tension. However, if the optical waveguide is held by a packaging apparatus or the like, the effect of surface tension can 
be suppressed and easy packaging is possible. 

In this embodiment, the horizontal reference surface oblique relative to the optical axis was used. However, if a hor- 
izontal reference surface parallel to the optical axis is present on each of the optical waveguide and the packaging plat- 
form the high accuracy adjustment of the distance between the horizontal reference surface and the optical waveguide 
and between it and the optical f toer array structure would enable the optical axes of the optical waveguide and the opti- 
cal fiber In the horizontal direction to be coaxial easily. 

The optical module illustrated in Figs. 13. 14, 15. 16 and 17 is an optical module after completion of assembly by a 
pigtail type optical fiber fixing method. The optical fiber 32 was placed on the fiber positioning portion 33-1 on the pack- 
aging platform 33. Then, an adhesive 34-1 was put on the optical fiber 32 for fixation, and the coated portion of the opti- 
cal fiber was fixed to the packaging platform 33 with an adhesive 34-2. The optical waveguide 31 was fixed by the use 
of an adhesive applied very thinly to the height reference surface 33-10 and solder bumps 33-31. although this is not 
shown At this time, the optical waveguide 31 is pressed down toward the right on the sheet face of the drawing for fix- 
ation onto the packaging platform 33. By this measure, the optical fiber can be aligned with the optical waveguide in the 
direction of height and on the horizontal plane as has been stated previously. Fixation then becomes possible without 
misalignment, as shown in Fig. 1 4 as a sectional view. 

Figs 19 and 20 show an optical module of the type in which an optical fiber is inserted after mounting a packaging 
platform and an optical component to each other. Fig. 19 illustrates an assembled state, and Fig. 20 is a sectional view 
thereof In this case, a press plate 35 with a V-groove adapted to fiber dimensions is fixed on a fiber positioning portion 
33-1 to provide a hole-like structure tor guiding a fiber 32. By so doing, the optical fiber 32 can be inserted into the 
grooved portion 33-1 where necessary, to obtain optical coupling with an optical waveguide 31. In this embodiment, a 
hook 36 was attached to the optical fiber, and a packaging platform 33 with a retiring part 33-6 to be fitted to the hook 
36 was used to make a structure capable of detachable mounting of the optical fiber 32. 



[Embodiment 9] 

Fig 21 shows an example of a sealing structure of an optical module of the type in which a resin is poured between 
an optical waveguide substrate 31 and a packaging platform 33. This sealing method is effective in providing a seal for 
protection of an electrode, an electrical wiring, etc. The reason is as follows: To enhance a sealing effect, as small a 
sectional area of a resin layer as possible is desirable: the resin has some moisture permeability, so that the larger the 
sectional area of the resin layer, the easier the penetration of water molecules becomes. According to the present inven- 
tion the packaging platform 33 substantially plays the role of a cover for the optical component, thus making it possible 
to thin a layer of resin to be penetrated into the gap. Because of this, the optical module of the invention enables sealing 
with resin to exhibit very high reliability. The sealing resin may be a transparent resin or an opaque resin. When a trans- 
parent resin is used, it may be flowed into the junction between the optical fiber and the optical waveguide, and can 
function as a refractive index aligner as well as a sealant. This example is illustrated in Fig. 22. 

Fig. 23 shows an example of an optical module sealed with resin injected Into a gap between an optical waveguide 
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part of the gap is suppressed by provWino S JS ' rS««^^^^^ conf ,gu,at.on n which flowing of the sealing resin into 
ture 33-40 for widening the gap'be^lT o^w^^^^^^^^^ -'f ^1 with a struc- 

angled difference in level. This effect alwavs hold^ if thl^« „^ ^"^ packaging platform 33 by a sharp- 

ciently low. By this method, the seal r^fn ca^^^^^^^ '1'"" ♦'^"^'^ ^'^^ ^uffi- 

index. etc.. or can be prevented from eSpino to an^^^^ ''^'^^"^^ °' '^^^^^^^^^ 

Which is susceptible to influence from sSss be^use^ S^^^^ ' =°'"P°"^'^ 37. 

in which the optical module may be heatS atthouah nn/^^^^ embodiment has given consideration to a case 

resin may be formed in the gS. th^e f "^^^^^^ "^^^ « surounded by the 

rounded portion by the use ofa'groove Zhown in ngfg "o a^dT ' " "° 
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ment?8a^V9tThatp\roni:^^^^^^ The difference of this embodiment from Embodi- 

platfbrm. ^ reference surfaces for a pluralrty of optical components were provided on a packaging 

Concretely, optical fibers 32. and optical components 31 -a anri -^i h k., v ■-• 
placed on packaging platforms 33-3 and 33-b rS^Svelv PoIi«nn ? V ^ branching optical waveguides were 
that connected the optical fibers 32 togetSr w^S on2Z,l "'^'^^ ^° ^'^^ 

surfaces are matched with positioning reference sZc2 T. i n "^^^"^ "^^"^ Positioning reference 

Whereby alignmembetween^e optical ^veg?^det^^^^^ ,°" '=°'"P°"«"ts 31-a and 31-b. 

iment was also constituted such that the poSonino c I ^"-"Po^^nts can be realized. This embod- 

a gap would be formed between bott, oS comnLl^l = !i^"^^ °" packaging platform were formed so that 
gap. This film-Shaped component 37 ,^2 an ZSZv.l^^^T'^"^^ '"'^^^ ^^'^ 

In this embodiment only the sitl^LTh^ S u !^ composed of a dielectric multilayer, 
so that only the opticallveg J^e wasZidS^^oS^J'^ optica, components was shown for simplification, 
trode pattern and a semicoijluctor opj^^rde^c^e mav be^Lrrj^T' ^'T*^''^^'^^ 8 and 9. however, an elec- 
pattern and a depressed portion corrSSnd^c^^iori^f k °P*«=3' component, while an electrical wiring 

"'^o^rr f r ^ ^ poSteS ;p;roo":~^^^^^^^ - - 

scale ^pt^^ru^rn^^^^^^^^^ ^'T^ " ^'^^ — ^'^'^^ a large- 

between the optical waveguS^n^d he opSar,^a^^^^^ ^''J^' "'^^^ ^"^ *a-«9-de. alignment 

wiring pattern, and alignment bLefn the ser^Sc^^^^^^^^^^ Pattern and the electrical 

pushed by matching between the piitio^ingTefereSSs^^^^^ ^"T"""^ ^" ^'^ accom- 

ence surfaces on the optical component '^'^'^"''^ ^^^aces on the packaging platform and the positioning refer- 
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form':rsXSi\~rrh<;r^^^^^^^^ 

their horizontal alignment can be done using horizontarn^^in? "^T 5 "lembers. Besides this method, 

which horizontal reference marks (punc^Se hSn^frrf^! ^'^^ according to 

ence surfaces 31-10a of an opt^l rrTilnTai ,n L T T"'^ ^^"''^ are formed on height refer- 

tate horizontal reference struS^io^'S) 33 n a e forSThef h.TefL^^^^ "'^^'^ f-^"- 

reference marks 33-1 1 are, say, through-holes. These maTkt 3111 S 1 1 .rT ^"^'^l' ^°^'^°«al 
mentofboth. ® '"a'^'^^ 31-1 1- 33-11 are c^tically observed to carry out the align- 

no, restricted to a particular material ^^r e^^e th^^^^^^ precision-processable one. and is 

con or ceramic. However, the packaoino ^aJ^ n^^r^^f^^ ^ ^ ""^^ ^"'""^ a material such as sili- 

rials is markedly superior ?n Lrm? of econoT J^^^^^ 
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form of a substrate extending on a plane. 



[Embodiment 12] 



The first characteristic of the present invention lies in a structure in which alignment in optically coupling an optical 
component and an optica! fiber with the use of a packaging platform can be performed accurately and easily. The sec- 
ond characteristic of the invention lies in providing a material constitution for actualizing the first characteristic in an opti- 
mal state. The instant Embodiment 12 and following Embodiments 13 to 17 disclose concrete examples of such a 
material constitution. 

The following is a description of the material constitution and manufacturing method for a packaging platform 33 of 

a structure as shown in Fig. 26. 

The illustrated packaging platform 33 can perform the alignment of a single mode optical waveguide component 31 
by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fibers agree with the cores of the single mode optical waveguide component 31. The required accuracy in this case is 
within ±0.5 micron relative to the target position. 

(i) Material 

A synthetic resin composition containing 100 parts by weight of a novolaktype epoxy resin. 100 parts by weight of 
a novolak type phenolic resin, 10 parts by weight of a curing promoter (2.4-tolylene diisocyanate, dimethylamine 
adduct), and 600 parts by weight of silica particles (average particle size 30 microns or less). 

(ii) Mold 

Quenched steel was precision processed to a dimensional accuracy of ±0.1 micron. 

(iii) Molding 

The above composition was injection molded in the following manner using the above mold: The composition was 
fed to an injection molding machine having a clamping pressure of 50 tons, an injection capacity of 49 , a plastication 
capacity of 25 kg/hr, and an injection pressure of 1 ,750 kg/^"^^, and molded under the conditions, a cylinder temperature 
of 50*^0 below the hopper and 90°C in the nozzle area, a mold temperature of 180**C. an injection time of 20 seconds, 
a curing time of 20 seconds, and an injection pressure of 750 kg/^"^^ j^e molded material was post-cured for 3 hours 
at 180**C 

As a result, molded products having a dimensional error of ±0.5 micron as shown in Fig. 27 were obtained contin- 
uously 

The above-mentioned composition was molded by a transfer molding machine to obtain molded products having 
the same characteristics. 

An optical waveguide component was mounted at a reference surface posrtion of the resulting molded product, and 
optical fibers polished at the end face were fixed to the optical waveguide component along the V-groove guides. The 
connection loss was 0.1 dB or less, thus confirming that precise alignment was realized. 

[Embodiment 13] 

The following is a description of the material constitution and manufacturing method for a packaging platform 33 of 

a structure as shown in Fig. 28. 

The Illustrated packaging platform 33 can perform the alignment of a single mode optical waveguide component 31 
by the use of two opposed reference surfaces (a flat surface in the optical waveguide component 31 ; a surface formed 
by connecting together the ridgelines 70 of the V-shapes at the bottom of the platform 33 in its sectional view). The 
packaging platform 33 and the optical waveguide component 31 are both precisely formed so that when these opppsed 
reference surfaces are brought into contact with each other, the cores of optical fibers agree with the cores of the single 
mode optical waveguide component 31. The required accuracy in this case is within ±0.5 micron relative to the target 
position. 
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(ii) Mold 

Quenched steel was precision processed to a dimensional accuracy of ±0. 1 miaon. 

(iii) Molding 

• ted t-^:;^^.:^ ~ -Id: The conpos.on was 

15 tion capacity of 25 kg/hr. and an injection presslTof 1 75?^^ a^^^^^ f^^^""" °' ' ^ 

perature of 50»C below the hopper and 90°C in th! nU'Jf " ?5 ""^^^ conditions, a cylinder tern- 
seconds, a curing time of 20 sSnds an^an iSfctoTp 2sure^f%^^^^^^^ ^" °' ^° 
3 hours at 1 80°C. pressure of 750 kg>^ . The molded material was post-cured for 

.0 uou^; ' "^"'"'^^ '^^'"^ ^ °' micron as shown in Fig. 28 were obtained confin- 

tho s^rn^^'Sre'^^r' "^''^ ' -"^'"^ *° o''*^" molded products having 

.5 connection loss was 0.1 dB or lessXsl^Sing ZT^I:::^:^^:?^:!''''' ^« 
[Embodiment 14] 

^0 a str^^uSSl^Tin' F^^^^^^^ " -nufacturing method for a packaging platform 33 of 

by connecting togeSS the apSs of SnSfsC 7 TnTh^ ^^^^^^^^^ "^^^T::' ■ ^ ^^-^ 

waveguide component 31 are both precisely forrnS Z ?hTJ,^L ^" P^='«9'"9 platform 33 and the optical 
contact with each other, the corS X'SeTaSee v^^^^^ these opposed reference surfaces are brought into 
31 - The repuired accuracy in this casTiSr^Tmir refar^ltX"^^^^^^^^^ ^"^"'^^ 

(i) Material 

(ii) Mold 

Quenched steel was precision processed to a dimensional accuracy of iO. 1 micron. 

(iii) Molding 

fed tla^ So3°ClTh1nfhS^^^^^^ "^'"^ '''^^ --P-«- was 

capacity of 25 kg/hr. and In iSon Sure ofTS^^^^^ 'h^; u °" ^^^'^^ °* ' 

of SOX below the hopper and 90->C fn the nozz J «rt= fn, .h * '^^ <=°"ditions. a cylinder temperature 

a curing time of 20 seconds, and an i^on pressLrJ of 7^^:;^^"tT °^ ^° 

at 1 80°C. ' pressure of 750 kg/<= . The molded material was post-cured for 3 hours 

uou4' ' ^ °* - Shown in Fig. 29 were obtained contn- 

The above-mentioned composition was molded by a transfer molding machine to obtain molded products having 
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the same characteristics. 

An optical waveguide component was mounted at a reference surface posKion of the resulting molded product, and 
optical fibers polished at the end face were fixed to the optical waveguide component along the V-groove guides. The 
connection loss was 0.1 dB or less, thus confirming that precise alignment was realized. 

[Embodiment 15] 

The following is a description of the material constitution and manufacturing method for a packaging platform 33 of 

a structure as shown in Fig. 31 . ... » oh 

The illustrated packaging platform 33 can perform the alignment of a single mode optical waveguide component 31 
by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fibers agree with the cores of the single mode optical waveguide component 31 . The required accuracy in this case is 
within ±0.5 micron relative to the target position. The diameter of each of cylinders 72 as Inputs for optical fibers was 
set at 200 microns, while the diameter of each of cylinders 73 on the alignment side was set at 126 microns. 

The molding method for the packaging platform complied with the aforementioned Embodiment 12. As a result, 
molded products having a dimensional error of ±0.5 micron relative to the target value were obtained continuously. 
The aforementioned composition was molded by a transfer molding machine to obtain molded products having the 

same characteristics. . . .j j j . -.^^ 

An optical waveguide component was mounted at a reference surface position of the resulting molded product, and 
optical fibers (1 25 microns in diameter) polished at the end face were fixed to the optical waveguide component along 
the cylindrical guides. The connection loss was 0.1 dB or less, thus confirming that precise alignment was realized. 

[Embodiment 16] 

The following is a description of the material constitution and manufacturing method for a packaging platform 33 of 

a structure as shown in Fig. 26. . 

The illustrated packaging platform 33 can perform the alignment of a single mode optical waveguide component 31 
by the use of two opposed reference surfaces provided in the packaging platform 33 and the single mode optical 
waveguide component 31. The packaging platform 33 and the optical waveguide component 31 are both precisely 
formed so that when these opposed reference surfaces are brought into contact with each other, the cores of optical 
fibers agree with the cores of the single mode optical waveguide component 31 . The required accuracy in this case is 
within +1 micron relative to the target position. 

(I) Material 

A synthetic resin composition containing 100 parts by weight of a novolaktype epoxy resin, 100 parts by weight of 
a novolak type phenolic resin. 10 parts by weight of a curing promotor (2,4-tolylene diisocyanate, dimethylamine 
adduct), and silica particles (average particle size 30 microns or less) in a varying proportion as shown in Table 3. 



Table 3 



Silica (% wt/wt) 


Mold shrinkage 


V-groove pitch dimen- 
sional error 


30 


0.4% 


-1 < < 0 (inn 


50 


0.3% 


-1 \xm < < 0.5 fim 


70 


0.2% 


<±0.5 nm 



(ii) Mold 

Quenched steel was precision processed to a dimensional accuracy of ±0.1 micron. 

(iii) Molding 

The above composition was injection molded in the following manner using the above mold: The composition was 



29 



EP 0 864 893 A2 

perature of SO-C below the hoDoer and m°CiniZ nnl'Jf , ^ ' ° conditions, a cylinder tern- 
seconds, a curing tin,e or^oTrnXan^an S o^^^sr of% °' 
3 hours at 1 80*^0. «'5,ur e ot /ou Kg/ . The molded material was post-cured for 

uous'^ ' """"^ '^""^ ^ °' as shown in Fig. 27 were obtained contin- 

the s^nVc^aTaSS"" ^ -'^'"^ *° "^^tain molded products having 

connection tos^s was 0. dB oMe'sSrsl^ri 'g L^Se^^nt wre^"L"°"^ 
Control 1 

Table 4 

Mold shrinkage V-groove pitch dimen- 

sional error 

-5 ^m < < -9 ^m 

■5 ^m < < -10 pm 





Control 2 

a strl^ule aTroT ^^^^^^ °' -"ufacturing method for a packaging platform 33 of 

waveguide componen?31 The S^ng d^^^^^ . ^ ^""^ "'^ ""9'" '""^^ °P«^al 

formed so that when these opposS rSe'en'cfsurfaSs^^^^^ brou.ht"n ^^^r?'^'"''""""* '^"'^ P^^^'^^'j' 

fibers agree with the cores of me single moSe o'^^^^^'gu^^^^^^^^ °' °P»'^al 

within ±1 micron relative to the target position. '"'^^eguioe component 31 . The required accuracy m this case is 

(0 Material 



Silica (% wt/wt) 



Anisotropy 



1.7 



Table 5 
Dimensional error 




Remarks 



Warping confirmed visually 



(ii) Mold 



Quenched steel was precision processed to a dimensional accuracy of ±0. 1 micron. 
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(iii) Molding 



The above composition was injection molded using the above mold under the same conditions as described in the 
aforementioned embodiments. 

5 It turned out that the materials with high anisotropy as shown in Table 5 did not give satisfactory molded products. 

[Embodiment 17] 

Figs. 32 and 33 shown an example of a packaging platform 80 using ceramic. The constitution of an optical module 
10 was almost the same as in Figs. 12 and 19, When ceramic was used, the structure of the lead and the alignment struc- 
ture differed. 

In a packaging platform using resin, the lead portion was composed of a lead frame. With ceramic, a burning step 
was involved. Thus, a high melting point metal such as tungsten was patterned and embedded. This pattern was gold 

plated, and then brazed to the lead. 

15 The alignment structure was worked out in consideration of a deviation from the mold due to deformation dunng 
sintering. Only an alignment reference surface 80-1 Oa for alignment in the height direction was the surface as sintered. 
The reason is as follows: The main cause of deformation during ceramic sintering is shrinkage during sintering. The 
height-direction alignment reference surface of the packaging platform. If deformed, changes uniformly and can be 
used as a reference surface. Whereas a wall surface 80-10c. as a reference surface for alignment in the transverse 

20 direction, is located at a site apart from an optical waveguide component 31 and an optical fiber 32. This distance varies 
after sintering. Thus, a vertical wall surface 80-1 Od prepared by a precision dicing saw whose precision feeding was 
controllable was used as a reference surface for optical axis alignment in the transverse direction. 

Alignment using these positioning reference surfaces of the packaging platform 80 is described below. 
Alignment in the height direction was performed upon contact of these reference surfaces with a height reference 

25 surface 31 -1 Oa of the optical waveguide component 31 and the surface of a V-groove substrate 35' attached to the opti- 
cal fiber 32. The V-groove was formed by precision processing using the anisotropic etching of Si. Thus, the distance 
from the height reference surface of the optical waveguide component 31 was brought Into agreement with the distance 
of the optical fiber core from the surface of the V-groove substrate 35' made of Si. 

Alignment in the transverse direction was performed by pressing a cladding wall surface, which was a transverse 

30 reference surface of the waveguide component 31 . and a projecting side surface of the optical fiber 32 (projecting from 
the V-groove substrate 35*) against the wall surface 80-1 Oc formed by the above-mentioned dicing. A deviation of about 
several microns to 20 microns in the position of dicing would pose no problem. Of importance here would be the pitch 
of dicing. If this pitch is determined, precise alignment would become possible, because the distance from the trans- 
verse reference surface of the optical waveguide to the core of the optical waveguide, and the distance from the side 

35 surface of the optical fiber to the optical fiber core have been accurately determined. The pitch of dicing can be control- 
led to about 1 micron. • - i 
As described above, the packaging platform of the present invention is a packaging platform for achieving optical 
coupling of an optical fiber to an optical waveguide of an optical component having the optical waveguide and an elec- 
trode pattern formed on the surface of the optical waveguide; the packaging platform including a planar, linear or punc- 

40 tate reference structure portion for performing the horizontal and vertical positioning of the optical component, and a 
fiber positioning portion for Inserting and holding the optical fiber and positioning the optical fiber at a position where the 
optical fiber is optically connected to the optical waveguide of the optical component, and also including an electrical 
wiring pattern provided at a position opposed to one or more electrode pads of the electrode pattern on the optical com- 
ponent. Furthermore, a depressed portion may be provided at a position on the packaging platform opposed to an opti- 
cs cal device carried on the optical component. Because of this constitution, the packaging platform of the invention has 
all of an optical fiber connecting function, an electrically connecting function, and a sealing function with an appropriate 
sealing material. Hence, the use of the packaging platform of the invention can markedly cut down on the number of the 
constituents of an optical module, thus enabling a low cost optical module to be produced. 

According to the invention, moreover, the packaging platform is combined with an optical component which has on 

so its surface a positioning reference surface corresponding to a positioning reference surface of the packaging platform, 
and also has an optical waveguide, an electrode pattern and an optical device manufactured so that their positions and 
distances from the positioning reference surface will agree with those of the packaging platform. Thus, simply by regis- 
tering the positioning mechanisms of the packaging platform and the optical component, the alignment on the three fac- 
tors, fiber connection, electrical connection, and sealing, can be completed simultaneously and very easily 

55 As noted from this, the invention simplifies the manufacturing procedure for an optical module, thus permitting a low 

cost optical module to be realized. 

Furthermore, the invention uses a resin molded product as a packaging platform, and employs for the usable resin 
a concrete resin composition as disclosed in the claims and Embodiments of the invention. Thus, high dimensional 
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iTX::;'^^^^^^ -Habilrty can be achieved. In addition, the paC- 

manulacturing cost. prcxJuction by molding becomes possible, markedly redudng the 

em fi^mrSS^toth'i^^^^^^^ respect topreferred embodiments, and it will nowbeappar- 

the invention inS brLderTspe^ 2^^^^^^ mod«cations may be made v«thout departingTom 

and modifications as fall wit^K'true Jpirt ^f ttieTnSon ' '° "'^^^ ^" ^"'^ 

comp^o^lSMri, T^Til] halg\'; oSSl^^t ' " °' °- or more optica. 

tioningoftheopticalcomponer^t (i5 22 3^ 6^^^^^^ 80- lOd) for the horizontal and vertical posi- 

ing the optical ?iber and SonW the ^iiS f ber a.?or.?t'^n k ""T"'"^ '"=«^«"9 ^"'^ 

optical waveguide; whereby theTadSgi^^S^m (fl 2^33 siT/nL ' ^ ^° 

vided which can simplify all alignmenTS for o^r^^;^ V^J^^" """^"'^ "='"9 P'^form are pro- 

optical component and^he .J^S^fibL? ^ """'""^ ^"^ ^^^""9 «°"P"n9 the 



Claims 
1. 



positionTn^^TtS^S'C'onrtln^^^ ^^^-'"9 the horizontal and vertical 

fibers and positioning throS ers iT,, ' T Pl"*°"'"9 P°nions for inserting and holding the optical 
waveguide ^ ^ P"^'""" "P'"^^' ^'^'^ is optica"/ connected to the optical 

c^S^?SoCrh^n^S^^^^^^^ »° Pe-^o- e'ectnca. connection to the 

a position opposed to onfor m^re L?3e oLs L^^^^ ^'""^ "^"'^^ 

cal component is positioned rTlalfve to^^^^ P'«^^" °' ^"'"P^"^"* -"^e" '^e opti- 

3. A packaging platform as claimed in claim 1 or 2 characteri^Ari in tha* ♦h^ ■ 

for optical connection to the optical waveauidi oi 21 nrS^^f "P*"^^' component has an optical device 

.ion opposed to the optica. .e^icT^nTXr^^^^^ s^oTtrcC^pt^^^^^^^^^^^ 

n^Strefi^L^^^^^^^^^^ f^^tthere are a pluralrty of the optical compo- 

optical components relative to mVanother. Performing the horizontal and vertica. positioning of these 

s?a"e?ifc?ol1:ra """"^ °' ^'^'"^ ' '° ^^^^^^'^^^ "^^^ the fiber positioning portion is V- 

o^n^uTJ!:s":ZT'"'^ °' '^'^''^ ^ ^° '^^-^-•^^^ ^^-t the fiber positioning portion is 

7. A packaging platform as Claimed in any one of claims 1 in 4 r^ho...^* • ^ - 

ma.n, optica, fiber insertible and^em^v^^is^m:^^^^^^^^^^^ — 

o^f CaSgCLworm?^^^^^^ ' *° '^'^-^cterized in that the reference structure portion 

fined to^ eachUrrpTsiti^ r<:s cX^ ni sreTiheSr '""^ -'^^^ - 

ted to the stepped Shape" ^ ' °' component is in such a shape as to be f it- 

0. A packaging platform as claimed in any one of claims 1 to 9 characteri^Pri in *h=f i», . 



5. 



6. 
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1 1 A packaging platform as claimed in any one of claims 1 to 10. further including a cover for holding the optical fiber 
in an arrayed state when fixed to the platform after the optical fiber is connected to the optical component mounted 
on the platform. 

12. A packaging platform as claimed in any one of claims 1 to 1 1. characterized in that a polymer optical waveguide 
circuit is packaged. 

13. A packaging platform as claimed in any one of claims 1 to 12. which is composed of a synthetic resin composition. 

14 A packaging platform as claimed in claim 13. characterized in that the mold shrinkage coeflicient of the synthetic 
resin composition is not more than 1%. and the shrinkage coefficient is isotropic, or the ratio of its maximum value 
to its minimum value is not more than 1 .5. 

1 5. A packaging platform as claimed in claim 14. characterized in that the synthetic resin composition consists essen- 
tially of a thermosetting resin and contains an inorganic filler. 

16. A packaging platform as claimed in claim 15. characterized in that the thermosetting resin is an epoxy resin. 

17. A packaging platform as claimed in claim 16. characterized in that the inorganic filler is a silica powder. 

18. A packaging platform as claimed in claim 13. characterized in that the synthetic resin composition consists essen- 
tially of an amorphous polymer and contains an inorganic filler. 

1 9. A paci^ging platform as claimed in claim 1 8. characterized in that the inorganic filler is an inorganic crystalline pow- 
der or an inorganic glass powder, or a mixture of these. 

20. A packaging platform as claimed in claim 18 or 19. characterized in that the amorphous polymer is polyethersul- 
tone. poi/sulfone, polyetherimide, or a mixture of these. 

21 . A packaging platform as claimed in any one of claims 1 to 12, which is formed of ceramic. 

22 A packaging platform for achieving optical coupling between an optical fiber and an optical waveguide of an optical 
component having the optical waveguide and/or an optical receiving device and/or an optical emitting device and 

an electrical circuit for controlling the optical device: 

said packaging platform including a reference structure portion for performing the horizontal and vertical 
positioning of the optical component, and a fiber positioning portion for inserting and holding the optical fiber and 
positioning the optical fiber at a position where the optical fiber is optically connected to the optical waveguide. 

23. A method tor producing a packaging platform which is the packaging platform of claim 1 or 22. said method char- 
acterized by comprising: 

molding the packaging platform using a mold. 

24. A method for producing a packaging platform as claimed in claim 23. characterized in that molding with the mold is 
injection molding. 

25. A method for producing a packaging platform as claimed in claim 23. characterized in that molding with the mold is 
transfer molding. 

26. An optical module characterized by comprising one or more optical components and one or more optical fibers 
packaged on the packaging platform claimed in any one of claims 1 to 22. 

27. An optical module as claimed in claim 26, characlerized in that an optical connector is mounted on the optical fiber. 

28. An optical module characterized by comprising: 

an optical component having an optical waveguide and an electrode pattern, and also having a height refer- 
ence surface provided at a position apart by a predetermined height from a core portion of the optical 
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on ?r;r^^^^^^^^^ for determining the a.tudlna. pos.on o, the optica, 

Of the optical componeZTe pla^rand a^^^^^^^^^ '^'"^'"''^ P°«*«on 

an optical fiber and positioning the ooSffbor ^ k''^' POSrt.on,ng portion for inserting and holding 

optical waveguide oHhe S coSnilt rn?«n^^^^ ""^ "P*"^^"^ '° 

one or more electrode ^ds oThe TSSe pSern t^."lrr? " P"^'*""" '° 

the horizontal reference strurture oorSoS nffh T . ^ ^ component; characterized in that 

with each other ?;"the hetw ref'^^^^^^^^ ^"^ P^^-^^S'^^ P'««°- -e aligned 

brought into contact with each othrrerebyThellio^^^^^^ '^'^^'■"^ P'^""^'" 

and the electrical wiring pattern are ^ZZ . J ^"l^'^"'^^' connection of the electrode pattern 

and the optical wavegufde a"e cou^^^ ^"^ '"^^'^^ Positioning portion 

75 29. An optical module as claimed in daim 28 charactPri^eH in . 

optically connected to the optical\^7e2dr oUhf Trf ? °P*"^' ^as an optical device to be 

vided With a 6eoress^ a^r:^^ :Z:^:::::::LT.^ component, and the packaging platform is further oro- 
so as to couple the optical fiber "^"^ ^ °P"^' ""^^'^^ °P*'^«' component is posftioned 
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■ . . ^ ' ^ H'wviueo wnn reference structui 

cal positioning of the optical components relative to one another. 

31 . An optical module as claimed in any one of claimc: pft tn cm ^h^.^^ ■ > 

' portion of the optical component is a wall lurf^ . characterized in that the horizontal reference structure 

of the optica component ^ ^'"^^'^"^ ^'"^'"^ ^ ^'^^^'"9 °^ optical waveguide 

32. An optical module as claimed in any one of claimc; oo on ^u^.^^ 

35. An optical module as Claimed in any one of Claimc: PR tr. •5n * ^ 

portion of the optical component Is a of eZnlm^nf ^ '"'^'^'^f'^^ t^^tthe horizontal reference structure 

optical waveguWe of the opticJcc^^LnTnt n th^^^^^ """^"^'^ <='^'^^'"9 portion of the 

tal referenceltructurrpc^SronhTSc^^^ '^'T"" °' °P*'"' "'^''^ '^^^-o- 

the pair of engagement surfacerjf tK oSf'Co:^^^^^ ' °* engagement surfaces to come into contact with . 

the optical waveguide. ^^"^^ *° ^" ^'^ P^^^"^' <° 0P«ical axis of exit light from 

37. An optical module as claimed in any one of claims; nn ^u„, ^ ■ . 
wo a sap b..»een ,p,i^ =o4"« and" , pal°C^^^ " 
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41 . An optical module as claimed in claim 40. characterized In that the mold shrinkage coefficient of the synthetic resin 
composition is not more than 1%. and the shrinkage coefficient is isotropic or the ratio of its maximum value to its 
minimum value is not more than 1 .5. 

42. An optical module as claimed in claim 41 . characterized in that the synthetic resin composition consists essentially 
of a thermosetting resin and contains an inorganic filler. 

43. An optica! module as claimed in claim 42. characterized in that the thermosetting resin is an epoxy resin. 

44. An optical module as claimed in claim 43. characterized in that the inorganic filler is a silica powder 

45. An optical module as claimed in claim 40. characterized in that the synthetic resin composition consists essentially 
of an amorphous polymer and contains an inorganic filler. 

46. An optical module as claimed in claim 45. characterized in that the inorganic filler is an inorganic crystalline powder, 
or an inorganic glass powder, or a mixture of these. 

47. An optical module as claimed in claim 45 or 46. characterized in that the amorphous polymer is polyethersulfone. 
polysulfone, polyetherimide, or a mixture of these. 

48. An optical module as claimed in any one of claims 28 to 39, characterized in that the packaging platform is formed 
of ceramic. 

49. An optical module as claimed in any one of claims 28 to 48, characterized in that the fiber positioning portion is V- 
shaped in cross section. 

50. An optical module as claimed in any one of claims 28 to 48. characterized in that the fiber positioning portion is 
cylindrical in cross section. 

51 . An optical module as claimed in any one of claims 28 to 48. characterized in that an insertion/removal structure for 
making the optical fiber insertible and removable is formed in the fiber positioning portion. 

52. A method for producing an optical module which is the optical module of claim 26 or 28. characterized by compris- 
ing: 

packaging the optical component on the platform, connecting the optical fiber to the optical component, and 
then sealing an upper part or the whole of the platform with a resin mold. 
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(57) A packaging platform (11,21 ,33.61 ) for optically 
coupling one or more optical waveguides of one or more 
optical components (15,22.31 ,65) to one or more optical 
tibers is provided with a reference structure portion (31- 



10a,31-10b,33-10a.33-10b,33-6.80-10a,80-10c.80- 
10d) for the horizontal and vertical positioning of the 
optical component (15.22,31,65) and one or more fiber 
positioning portions (33-1) for inserting and holding the 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



(Com. next page) 



EP 0 864 893 A3 



optical fiber and positioning the optical fiber at a position 
where the opltcal fiber is optically connected to the opti- 
cal waveguide; whereby the packaging platform 
(1 1,21,33,61) and an optical module using the platform 



are provided which can sinrplify all alignment steps for 
optical coupling, electrical connection and sealing in the 
coupling of the optical component and the optical fiber. 
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